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INVESTIGATICH OF Tifs HEAT RESISTANCI OF ALLCYS OF PLAT
WITH REODIUM, IRIDIGM, RUTH ‘I‘IJI CHROMIUM

AND ALUMINUM BY THE BEND=-T. ST FETHCD
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[fcllowing is a translation of the article "Issledoveniye
zharoprochansti splavov platiny 8 rodiyem, iridiyem, ruteniyen,
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XKuromon 1 alyurineyem -
T. 1. ¥ornilov and R.

setodom isgiba® (Englisr ver

sion above) by

S. Polyakeve in Doklady instituta usto-

>34 dineni A

A, Bavkov (Repoﬂ:of the Institute of lietallurgy
imeri A. A. Baykov), No. 5, Production }setallnrgy Physical Meta-
1llurgy and Physicochemical Methods of Research, MHoscow, 1960,
pages 130~144=]

Much theoretic and experimental materiasl has been accu-
rulated on the study of the heat resistance of metal alloys
depending upon chemical composition and tewperavure. In work (1)
A. A. Bochvar has shown that the weakening temperature for opure
metals corresconds to the temperature of recrystallization,
i.e., 013-0.4 of the absolute melting temperature. In casze of the
formation of sclid solutions of a ,eual with other elerments there
is a distortion of the spetial lattice, resulting in an increcase
in the strength ard a diminvtion in the plasticity of the alloy.
Hence, for metal alloys, unlike pure retals, the weakening tempe-
rature is 0.5-0.6 of the absolute nelting temperature (2}. It
has recertly been shown that in conmplexly alloyed (zmlti-component)
solid golutlions of metals the hardened state is maintained up to
0.7=0.8 of the absolule nelting temperature of tha alloys (3}

Trus, one of the deeisive factors in the raising of the heat
resistance is the multi-corpenent alloying of solid solutions of
metels. This contention has found confirmation in many examples
fror the study of the heat resistance of netal systems devending
upon the chemical composition, structure and temperatuire {(4-%).
For exarple, pure metals - iron and nickel -- weaken sharply ati
terporatures of 700-9000, whereas alloys having them as Lases are
fairly strong at those temperatures. It has been demonstrated from
tre example of nickel and its alloys (3, 7, &) that by compli-
cating the chemical cowposition, the temperature limits of their
hardened state grow considerably in spite of the reduction of the
melting point of tihe alloys. Thse contentions way be true also for
alloys based on other refractcry metals.
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‘ The literature contains rany works devoted to the study of
the heal resistarce of alloys based on iron, nickel, chroriun and
cther metals, bhut tisre are almost ne worss on the heal resiztance
of allors boeed on setals of tre platinw. grovg, alticongh :
o ;
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lne wetels of the platla;ﬁ srour sre logsted in geouvp VIO
of the neriodic syster anc beiors to the relract. vy cnes, Table L
gilves the nelting rointo avi certain rrepertizs of these ..atals.
po——" ——
Iable 1
e o e e gt e e o g e e e S e e
Uetal Veiting| Type of crystal neity, | Princll el
. - ] . > / .
Point lattice g/eu L | sardness zmc;le
“g %, kz/ eu rm
Platinun 1773 | Face-centered 2l,44 31 1% 066
Pallaaiwat 1555 " 12,25 31,7 11 480
Bhedium | 1966 §j§~simple cublc | :
ild-lzce-centered | 12,/ i 54,59 28 200
. . . 1 . ,-. <
dutleniw.| 2450 | Hexagcnal o 12, i 220 b4l Q00
Iridiw 2454 ' Face-centered | ””,5 | 163 |52 500
ardvn 2500 | Hexsgonal i 20,0 - i 56 770G

The metals of the platirum grouwn, veirng aralogovs to ircen
and nickel, are inclined to forn centinvous and limited sclid
solntiong. With such metals as iron, cc‘ﬁlt, nickel, rhedivr,
valladium, iridiue and coprer, slatinum forms continuous scli H

S A However, srall alditions of non~-platinic rnetals
ensioeracly lover **e corrosion rezistarce of platinun ars the
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otozr vetals of tie platinum sroun., Vimes {9) has investiratied the
A}
2ffect of alleoying slemenls on the hardness of platinn and hsc shown
that Liz satter grous snarnly as =z result of adding such retals as
T

Lekel, os.dvn, rutberdom, allver, copper arc isidivn.  Allen (10)
az3 dnvestizated the strength of nure netals at high terperatures

Loobhe commrecssion Jethou. The author deternined the tension

cereling 10 deforrallion in 24 hovrs at 1000° and constructed a
diangran stowing the dependence of +l2 tensions vuvon the atemic number
for the elevsenvs of the transitional groups of the tires long periods
of tre pericdic gysten. The wor: shows that platimue and palladium
are very vlastic: at 1000° a tension of 2.16 kr/sq mn deforied

botl metals Uy 17 in 24 nonrs. Ruodiun showed greater strength:

it rvourag 4o %g/3q .m to defori. it 17 in 24 hovrs at 10GGO.

siun vroved to ve the :.ost resistant of the pnlatinun wetlsls: l
’i; tas tre gane resistance as tungsten. —




.

Work (11) is devoted to an investigation of the hardness 1
and elasticity module of the pure metals at high temperatures. The
sutlor investicaled platinum, palladiwuws, ruthenium and Iridiurm when
rectel Lo 1O, wrd chowsd that the hardness of fridive and rhodias
sl Linegrly with inereased terpersture; the relution g oz
similar one for the elasticity rodule. Howewer, platirum and pellne
diur: behave somewhat differently. With a terperature rise to 400-
600¢ the harduess of platimm scarcely changes, and only zbove this
~= temperature is a noticeable decline in the hardness and elasticlity e
nodiule observed,

The pregent work is devoted to the study of the reat resistance
of nlatinum with alloying additions of r}.odi'x:n, irfdivn, muthenima,
chremium and alvmirum. The test was rade by the bend wethod in o
furnace specislly designed by V. S. Mikheyev in an atrosphore of air
or ip A veouwm at 1100=1200°.

A tube of heateresistant alloy Ho, 2 with an inside diaveter
of 900 mm was placed in a Silit furnace., The sanvles in the form
of rods 3 mm in diameter and 25 mn long were lnserted from the two
sides into fire-resistant magnesite brick and were weighted with
weights of heat-resiztant alloy BI 437. The little weights were
couputed according to the length and diameter of the sampls. A
window wag arranged in the tube to observe the bending of ihe sample
in the precess of testing in air or in a vacuum (Fig. 1}. The tenpe-
rature in the tube was determined by a platinuu-platinorbodiu
ttermiccouple and regulated by a thermoregulatar,

The samples for the investigation of the resistanse by the
hending method were prepared in a high-frequency furnace. The
moilten metal was pumped into porcelain tubes 3 mm in disnmeter.

The neasures of heat resistance adopted were the tempe~
nich the prescribed bend is reached (6 mu for low-resi-
oys}, or the time when the bend is reachked at 1150¢ (for
t&nce all .LO]S}. The test temperature was 11509, and the

sion 15 kg/sq mm.

Ths cms tart conditions of tempersture and initial tersion
allowed toe 2ffect of the cheser elements on the heat re,uotance
of ire platinue to be studied. Alloys of the dual systoms
pletivumerhodiom, platinue-iridiwe:, platinwe-ruthenium, pl&tinum—
alw.inm and platimmechromiun were exwmined,
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Figure 1. Beud<Test Furncce. Legerd: 1. uhe of oiloy No.o 2
2. ouen lining; 3. fire-resistant brick; 4. senples;
. rubber gasiet; 6, co vper ccil cooling inspection window;
aod 7. ingpection window, A = To the wacuum puzp.
systen, The sys of @ :

dort (19} has .Jhow.., hewever, Lout rhod

t Q0 v ﬂ. The first is stocle uy o

vimuers soild soinbions uith nlztiown Leonnce

in thelr orys Lal stroctures, : .’i:/

@rall two-phase ares oo joiping t ,ncK-«,k.?jd
pecperties of thisz gyoten have beon iwdied
nerdneds valves and bne ternsile ironcts fop

with rhodiu iv the roested ane veld- wored (500)

Teble 2,
i/ s | Tessile surencti,
roa*' ted t c\,mecfx'P ed T
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T Gy 42 25,3 I PN
255 O £i,0 .3,
: 1,30 ' 73 i 49,0 D20
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‘ To study heat resistance by the bhend :ethod we used alloys
fron the arza of solid s~luticns of platinw with 13, 20, 30 and
N7 Ray T e vwiatinmmm slloys with this rhedion content r Vf-d Lo
Lgve & Low tent reslaturcas  in the wrage s of the ndoe ta

s
A L

haatling

rzgine tney bent aunv !’F.:'c.:L,' j the proscrizeu sead abt vaclous te e

raturea. The resulus of the investigaticn ars showm 17 Tebic 3.

L

o Tanle Table 4

Ctent, Terperature at ! Contant, g Telperztire ot
Lo owelignd, whizh €-r1. heﬁdé weight @ | uhich Gem: bend
was reacled, °Cg v E was reacned, °C
Lh Pt { Ir 1 2 !
+ +
Q1100 20 | 0 | 106 ! 20
12 46 800 | 10} 90 | 900
2 ) oeo | 250 120 0! 1600
30 7 900 i 31 70 2050
4G 60 | 1000 3 40 | 50 1100
r a b j

It Zollows from Table 3 that all alloys containing up to
L7 B ars vlastie: they bent before a temperature of 1150° was
reeched. Ahodiun, lLowever, partiall:; hardens vlatiaum., This may
o2 zeen fron Table 3. An especi &31] sharp tevperature rise is
osserved viti a 1 Rh content. Censequently, the letter consi-
derably raiscs the heat resistance of platinmus.

Llatinvm—iridia system, According to (12-17) this systen forms
conlinuous selid aOldtTOuo. However, investigatiicn (&) establishes
tre deconposition of the solid solution into two pnases, the solu~
Lility linits at 20° being confined to a content of 799 Ir.

Az the iridium content ls iacreased, the plasticity of the
allovs drops sierply. Thas, an alloy containing 357 Ir is hard to
WoTH, .
10 investigate heat resistance by the bernd xethod at 115“0

15 “z/3q on, we used alloys containing 1G, 20, 3C and 409 Ir.
oy~ of tris systen also turned ont to be *lastﬁc, beat in the
Ag vracesz and reaciod a G-t bend at different temperatures.
onpositions of the alloys and the resulits of their tesis are
n in Table., 4. v

As may be seen, the samples of alloys Lent under loading in
tne heating process. It may be noted that the alloys graduall;
'bscome gtronger with an increase in the iridiun content, whicu i3
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I-‘Eonfirmed.by the rigse of the'bending tempefature from room for ~1
pure platimm to 1100° for un alloy containing 405 Ir.

+ ¢ Ty . 5 TaP - Ny 3 -
¢ Works {17 zad 207 are devetad tooan
. - [ R . R N . . $ Y s e Caeen e
1 Jawmerabtions e sgonain, Tha soblaoan

s

In ihis system ore must exzect discontinuity of the solld aolutiong,
since the components posgsess different cerystal-lattice structures.

The mechenical properties of the alloys of platimus with rutheniam e
ers studiod in (1€),

Ruthenimm, like iridium, sharply raises the strangth of
platisme,  An elloy centalning 15% Ru becomeg unworszhie. An alley
with 9% Ru ls gimilar in mechsniesl propertiss te an alloy of platim
with 108 Tr.

We hava studied alloys with 1C, 20, 30 and 400 Ru., The results
are given in Table 5.

Table 5

Gomtent, & by walght ! Temperature at wileh S-mm bendcwas
- reached atd = 15 kg/sq mm, G
fu Pt
h d

0 100 20
10 an 300

20 &0 1150 after 30 ninutes
30 70 1150 alter 3 hows
40 b0 1150 afler 5 nours

As may be seen, ruthenium considerably increases tie sireangth
of platinur. While au &lloy containing 10% Ru bends et 9000, alloys
containing 200 Ru or rore stand a heatling teuperature up to 11507
for gome time. As the ruthenium content is raised, the time taken
to reach thre G-mm bond at 1150° grows, and is 5 nours for 4™ Ru.

Dlobinueaduiinam systen, Thas far the Ft~Al system Las been
inveatipated ap to 707 by weigbt. As established in (20}, aluminum
does not diszcolve platinum in tne solid state at all. According to
the data of (P1), the solubility of eiuminwi in platdme. ic A,
Trivestipation of heat rosistsrce by the bend nmethod at 11507
und o tengion of 15 kg/aq ™ was made by us on alloys containing
Je%, Doand 7.5 Al by weight, end having a platinun base and
surrosuvied by euteetic. All the alloys of thii sytem proved to be
brittle and the samples broke under tension before reaching 1150%,

'.-'

- 6 -




l Hence, it does not appear possible to draw any conclusicns about ~1
the effect of alunimu on tne heat resistance of platinun.

Xl > B - T

Fial v*n~r’“n“"on S¥oten,  lany woris
AT S L .3 . I ~

Gavohrl Lo Lhs inveouigution of woe o

- : 3 o~ - N - A .. g ...
Aceorcive to the date of (27) platinuw: and chrenlwl are su'ubls in

N

+
ERANS St bh

o . L7

ope arciner to a lirdted extont., Twoe conpounds are formed on
syatem: one of taen as a result of the deconposition of the solid
sclul on; it bele ;jz e the compcunds of the Kurnaisov type (20); —-—
the secon! (Ft, qu/ crystallizes at the maxiwum on the fusibilit
CUTV:a

1,08y
it ave

«

He nave ztudied zeat resistance in allcys witn 10, 20 and
s
Teol

v
/

307 Cr by weilght, The resulis are given in s i,

Table ©
Soutent, . by weignt Tenperature at whic.. O-mii dend was reached

- o
= 15 kg/sq oy G

o 100G 20

30 ! a0 : 1150 after 60 hours

1150, broke arter 170 hours
lL;G, broke atter 25 hours

~3 €
QO

Unlite tie al]tyv of tie wreceding sysiens, Pll three corpo-
siticas of alluvs of zletinum with ehronivy steod wo 1150° with-
‘ peoding under a tension of 15 kg/sq mne The alloy w1tn 104 Cr
by waisit aid nch berd at 11507 during €0 hours. The alloy containing
235 Cr by welight did not bend for more tnan 170 hours; that with
207 L Lonsie afuer 25 novrs becarvse of great britileness. It shondd
o notod that the alleys beeone brittle es the clwqniun centent is
o

2sed and are shattered without defornation {(withoubt bending).

CCUCLUSICHS

1. Bhodium strsr«tneno pure platinin:, uut the alloys becore
very plastic wien heated, and they bend at 900°%,

2, The alloys of the platinum-iriclun.systeﬂ are plastic,
1
-

but vieir pJawuxclt' dininishes asz the 1r*aLum content ic increased;
an alloy with 405 Ir has a G-mm hend at 1100%,




3., The alloys of tie platinur-ruthenium syate:r have greater

strength than the alloys of olatinu. with rhodiw and iridium. An
P et . - . - . . R

alloy with 405 Ru stasds the assigmed test corditions at 1150 up

a5 .
o 5 nours,

“o ‘:.l. d::L‘J,.d IR Ca L;J i ,.‘: L..uj._i " '*‘Q:..\.-.ﬂ.’_g’. ATR 1N S DA |0 .‘ 1 ‘- & ,1:1 g 4.'."_.-1.!‘.::
1" 'Ive 2 ‘n;r s o f e I\Lq T e G 1B XB 4 o;,m{-z\f o Uy A Toermthay
of vp Lo 7.5% are brittle and brea umder a tension i 17 kg/og o
before reaching 11509,

Se¢ The alloys ol the platinun-chroriu. syste. have the
highezt hentercsistart propertiss. ALl the compositlions of glloys
tand heatirg o to 11509 witheut berding. Howsver, an increase in
caromiun content results in brittieness,
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